ABSTRACT Phospholipid methylation in murine T lymphocytes but not B cells was stimulated by mitogenic lectins such as concanavalin A and phytohemagglutinin, and the methylation was then returned to the control level by the concomitant activation of phospholipase A2. A parallelism between dose-response curves of concanavalin A for phospholipid methylation and thymidine incorporation was found. Inhibition of either synthesis or degradation of methylated phospholipids resulted in a decrease in the thymidine incorporation. Although prostaglandins such as the E and F series were the main products of arachidonic acid released by phospholipase A2 activation, inhibition of synthesis of these compounds by indomethacin did not reduce the thymidine incorporation significantly. These results suggest that the mitogenesis of murine T Iymphocytes is triggered by the activation of both phospholipid methyltransferase(s) and phospholipase A2.
The binding of macromolecules such as antibodies and lectins to the lymphocyte surface triggers the stimulation of DNA synthesis and mitogenesis (1) . Recent studies have shown that the mobility and distribution of receptors on the cell surface are modulated by the binding of lectins and have suggested that the signal transduction is associated with the changes in both the outside and the inside of the cell membrane complex (2) . Because our previous studies had demonstrated that phospholipid methylation can alter the structure and function of biomembranes (3, 4) , we examined the effect of mitogenic lectins on this biochemical process in the lymphocyte. We report that concanavalin A (Con A), a mitogen that stimulates murine T cells, also induces a transient activation of phospholipid methylation with concomitant increase of degradation of methylated phospholipids in lymphocytes.
EXPERIMENTAL PROCEDURES
Murine spleen cells were purified from BALB/c mice by Fi- coll/Hypaque density centrifugation (5) . The cells (50 X 106) were incubated in 10 ml of 1% fetal calf serum/99% RPMI 1640 medium containing 1 mCi (1 Ci = 3.7 X 1010 becquerels) of L-[methyl-3H]methionine (72 Ci/mmol) or 10 ,Ci [1-14C]-arachidonic acid (55.5 mCi/mmol) at 37°C in a humidified atmosphere of 5% C02/95% air for 1 hr. To measure the phospholipid methylation, 0.2 ml of the cell suspension was transferred to a test tube and the reaction was started by the addition of Con A (final concentration, 2 ,ug/ml). To stop the reaction, 0.5 ml of 10% trichloroacetic acid containing 10 mM methionine was added. After centrifugation at 10,000 X g for 10 min, the precipitates were washed with 0.5 ml of 10% trichloroacetic acid and then were extracted with 3 ml of chloroform/methanol (2:1, vol/vol) as described (3) . To measure the release of [1-'4C] arachidonic acid and its metabolites, the excess radioactive arachidonic acid was removed after 1-hr incubation by washing the cells three times with fresh media containing 0.5% fatty acid-free albumin. The reaction was started by the addition of Con A and terminated by the addition of 1 ml of ice-cold 10 mM phosphate-buffered saline, pH 7.4. After centrifugation at 4000 X g for 5 min an aliquot (500 ,l) of the supernatant was measured for radioactivity. Fig. 2) . High doses of Con A were inhibitory for both events. The parallelism between the dose-response curve for phospholipid methylation and mitogenesis of lymphocytes suggests that enhanced phospholipid methylation represents an integral step in the mitogenic process.
To support our contention further, the specificities of other lectins were examined for mitogenesis and phospholipid methylation (the details will be published elsewhere). When lymphocytes from murine spleen were employed, the mitogenic lectins Con A, phytohemagglutinin from Phaseolus vulgaris, Wistaria floribunda mitogen, and Pisum sativum mitogen caused a transient stimulation followed by a decrease of phospholipid methylation. However, nonmitogenic lectins such as Wistaria floribuna agglutinin and Bauhinea purpurea lectin did not affect phospholipid methylation significantly.
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Arachidonic acid is known to be incorporated into the 2 position of glycerophospholipids (6) . As previously shown (7), the main product of phospholipase A2, 10 min after the stimulation with Con A as measured by thin-layer chromatography. After 30 min, the level of lysophosphatidylcholine returned to that of the control, indicating that this compound was further metabolized. The release of arachidonate and its metabolites as well as the decrease of methylated phospholipids could not be detected when Ca2+ was removed from the medium, indicating the requirement of Ca2+ for this lipase as previously described (5) .
Inhibition of Phospholipid Methylation Reduces Lymphocyte Mitogenesis. To further examine the relationship between the activation of phospholipid methylation and mitogenesis, 5'-deoxy-5'-isobutylthio-3-deazaadenosine (3-deaza-SIBA), an analogue of the methyltransferase inhibitor S-adenosylhomocysteine (8), was added to the culture medium. The degree of inhibition of phospholipid methylation was dependent upon the incubation period with this compound prior to the exposure to Con A (Fig. 3) were not significantly inhibited under these conditions (unpublished data). The inhibition of both phospholipid methylation and thymidine incorporation was dose dependent. Preliminary experiments have shown that the inhibition of phospholipid methylation by 3-deaza-SIBA resulted in a marked decrease in the release of arachidonate and its metabolites into the media. These data suggest that arachidonate originates from the methylated phospholipids. Comitogens such as the Ca2+ ionophore A-23187 and phorbol esters, which, when added alone, increased l3H~th midine incorporation to much lesser degree than Con A (1), caused only an increase in the degradation of phospholipids as measured by the release of l'4C1-arachidonic acid and its metabolites. These observations indicate that, after increased methylation, the degradation of the phospholipids is also involved in the stimulation of mitogenesis. Because phospholipase A2 is concomitantly activated by lectins, attempts were made to inhibit both phospholipase activity and mitogenesis of lymphocytes by the use of the phospholipase A2 inhibitors mepacrine (quinacrine) and tetracaine (6) . These compounds decreased both the release of arachidonic acid and the incorporation of 13Hjthymidine (Table 1) . However, these drugs might be toxic to the cells after 45 hr because they also inhibited the thymidine incorporation in the control cells. In- 
